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Intense research efforts over the past 18 yr have 
probed deeply into the structure of the elastic fiber. This 
began with the elucidation of the demosine crosslinks in 
elastin and the description of the elastin precursor, tro­
poelastin, derived from copper-deficient animals. Char­
acterization of the precursor material indicates that it is 
a single polypeptide chain of approximately 800 amino 
acid residues containing lysine residues in clusters des­
tined to form the desmosine crosslinks. The molecule 
contains large areas of hydrophobic sequence inter­
spersed with shorter stretches of polyalanine and the 
lysines. The shorter structures may be folded into alpha­
helices. The larger hydrophobic areas appear to form a 
unique structure known as the beta spiral which pos­
sesses elastometric properties. Inside the hydrophobic 
areas repeating sequences such as the pentapeptide pro­
gly-val-gly-val have been observed the exact signifi­
cance of which is not appreciated, but it appears to be 
well-conserved between species. Recent studies in the 
molecular biology of this protein have indicated that it 
is synthesized on the rough ER with a short leader 
sequence of about 25 residues. This is lost before the 
tropoelastin is exported. Diversity in sequence studies in 
these leaders suggest that there may be two elastins, 
type A and B, which vary with the maturation of the 
animal. 
The elastic fiber is ubiquitous to the mammalian system, 
found in almost every organ, and is being increasingly appreci­
ated for its role in imparting elasticity to the organ, a property 
necessary for the function of such tissues as skin, aorta, and 
lung. There are at least 4 heritable connective tissue diseases 
affecting the skin in which an elastin defect appears to play an 
important part. These are summarized in Table I. In X-linked 
cutis laxa, Menke's kinky hair syndrome, and Ehlers Danlos 
syndrome type V, there appears to be a lysyloxidase defect 
which results in poorly crosslinked elastin. This poorly cross­
linked material probably has an increased susceptibility to 
tissue proteases perhaps because of its unusually high lysine 
content. The nature of elastin's molecular structure and the 
way in which the molecules could be altered in these disease 
states have been studied in our laboratory at the University of 
Utah over the past 13 yr. 
The birth of the molecular biology of elastin, dates back to 
1963 when Thomas, Elsden, and Partridge [8] described the 
unusual elastin crosslinks, desmosine and isodesmosine. This 
description started a flurry of activity into exploration in depth 
of the molecular nature of the protein. Experimental copper 
deficiency and lathyrism in laboratory animals through the 
inactivation of lysyloxidase was soon recognized to produce a 
"weak elastin" with a poor crosslink content. From such ani-
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mals, measurable amounts of a soluble protein which we called 
tropoelastin could be isolated [9]. The first such animal from 
which we obtained significant amounts of this protein was the 
copper deficient pig. This was described by Smith, Weissman, 
and Carnes in 1968 [10], and further characterized by Sandberg, 
Weissman, and Smith a year later [11]. 
Table II summarizes the amino acid composition of soluble 
and insoluble or mature elastin from the pig. Tropoelastin is a 
single polypeptide chain of about 800 amino acid residues 
(68,000 to 70,000 daltons) which makes it about the size of a 
serum albumin molecule. From the amino acid composition, 
one can see that glycine, proline, alanine, valine, phenylalanine, 
isoleucine, and leucine make up the majority of the amino acid 
residues in the protein. These are all nonpolar residues. It can 
also be seen that the polar amino acids, aspartate, glutamate, 
lysine and arginine account for less than 5% of the total residues 
in the mature protein. This large predominance of non-polar 
amino acids is fairly unique. In fact, no known protein contains 
as much alanine as does elastin (24%). Also noted from Table 
II, is the absence of sulfur containing amino acids in the soluble 
material and the presence of desmosines in the mature elastin 
with a very low content of lysine. The lysine residues of tropo­
elastin (the precursor material) have been consumed in the 
formation of the desmosine crosslinks. This mechanism is sum­
marized in Fig 1. 
Part A is a rough sketch of the polypeptide chain before 
crosslinking as we envisage it. The large loops represent the 
hydrophobic stretchable areas composed primarily of the dom­
inant amino acids, glycine, proline, valine, phenylalanine, iso­
leucine and leucine. The small coiled areas represent the ala­
nine-rich areas which surround the lysine residues. These are 
probably alpha-helical in nature and contain two lysine residues 
with two or three alanine residues between as shown in parts B 
and C. We think that during the crosslinking process, chains 
are precisely opposed in such as way that one chain with 2 
alanine residues between 2 lysine residues (chain B) is brought 
into direct apposition with another chain with 3 alanine residues 
between 2 lysine residues (chain C). This brings the lysine 
groups (their side chains) into the right spatial relationships so 
that the enzyme lysyloxidase can convert 3 of their epsilon­
amino groups to aldehydes as shown in parts D and E, leaving 
one of the lysine residues with its original epsilon-amino group 
intact. This sets the stage for a spontaneous condensation as 
shown in part F to form the stable desmosine crosslink. I say 
spontaneous, but actually if one tallys up the protons before 
and after the condensation taking into account the formation 
of three molecules of water, an oxidation step has to take place 
to form the three double bonds of the pyridinium ring. Another 
enzyme(s) must, therefore, be involved besides lysyloxidase for 
this final product to be formed. For this reason and because 
lysyloxidase appears to have more than one substrate, we prefer 
to think of it as an enzyme system, a whole family dedicated to 
the formation of connective tissue crosslinks. The desmosine, 
as shown in part G, is a tetrafunctional amino acid which 
imparts a permanence to the protein not recognized in most 
other body proteins. The half life of elastin probably exceeds 
that of the life of the individual. This allows a continued 
responsiveness to the dynamic changes of the organ in which 
the fiber occurs, a responsiveness which must be preserved to 
maintain a healthful state of that organism. 
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TABLE I. Effects of disease on elastin and related features 
Disease Histologic abnormality 
Functional 
abnormality 
Biochemical 
abnormality 
Etiologic 
defect 
Pseudoxan­
thoma elasti­
cum 
X-linked cutis 
laxa 
Fragmented elastic fibers; 
granular deposits in place of 
amorphous elastin [2]. 
i compliance of skin and 
fragile vessels [2]. 
Polyionic deposits on 
elastic fibers [1]. 
Speculation: polyionic deposits (pos­
sibly glycoproteins) attract calcium 
and cause elastin damage [1]. 
In dermis, � numbers of elastic 
fibers, which are thin, 
clumped, granular, and of­
ten fragmented; normal mi­
crofibrils [1-4]. 
i compliance of skin; occa­
sional pulmonary emphy­
sema [4]. 
Possible � crosslinks in 
elastin [4]. 
� lysyloxidase activity [5]. 
Menke's kinky­
hair syn­
drome 
Fragmented vascular elastic 
lamella 4, � amorphous elas­
tin in skin, with relative i of 
microfibrils in skin and 
aorta and clumped elastin in 
aorta [6]. 
Tortuous vessels with occa­
sional occlusions and hy­
popigmented brittle skin 
[4]. 
Possible � cross-links in � copper absorption in gut, leading to 
elastin and collagen � lysyloxidase activity [6]. 
[4]. 
Ehlers-Danlos 
syndrome 
No histologic studies pub­
lished. 
Hyperextensible skin and 
joints [4]. 
Possible � cross-links in � lysyloxidase and possibly i elastin 
collagen and elastin degradation [7]. 
[4]. 
a Adapted from Sandberg, Soskel, Leslie: N Engl J Med 304:566-579, 1981, with permission of the publisher. 
TABLE II. Amino acid composition of soluble and mature (insoluble) 
elastin from the pig. a 
Amino acid 
Glycine 
Alanine 
Proline 
Hydroxyproline 
Valine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Arginine 
Lvsine 
C�osslinksd 
Aspartic acid and asparagine 
Threonine 
Serine 
Glutamic acid and glutamine 
Methionine, cysteine, trypto-
phan, and histidine 
Soluble elastin Mature elastin 
No. of residues/BOO residuesb 
245 256 
187 181 
91 90 
7 8 
103 92 
14 14 
41 41 
14 12 
24 25 
4 5 
37 5' 
Very low 25 
3 5 
10 11 
8 11 
12 16 
0-1 1 
a Human elastin has a similar composition. 
b Based on an assumed chain length of 800 residues. 
C One-fourth of lysine is unaccounted for in mature elastin. 
d Expressed as lysine equivalents. A number of intermediates are 
also included in this estimate. Actual lysine equivalents in desmosine 
and isodesmosine are 8 to 10. 
Adapted From Sandberg, Soskel, and Leslie: N Engl J Med 304:566-
579, 1981, with permission of the publisher. 
ELASTIN STRUCTURE 
Our approach to the study of the structure of elastin has been 
via the tryptic fragments of the precursor protein, tropoelastin. 
Reviewing the amino acid composition of soluble and insoluble 
elastin in Table II, we can see the potential for production of 42 
fragments from tryptic cleavage. In actuality, we appear to 
obtain 40 fragments from this specific cleavage, 2 of the residues 
not being amenable (available) to the attack of this enzyme. 
Reasons for trypsin not cleaving might be related to special 
folding of the protein not allowing exposure to the enzyme, or 
the presence of certain residues adjacent to lysine such as 
proline and hydroxyproline which are known to inhibit cleav­
age. Proline is "special" because of its secondary amine group 
which puts a peculiar "kink" in the polypeptide chain which 
some enzymes cannot handle. 
After we have cleaved with trypsin, we separate the fragments 
by CM cellulose chromatography. The peptide pattern!;' are 
interesting in that they can be grouped into 2 families. The 
small ones (shown below) contain polyalanine and lysine and 
represent the repeating structures mentioned 
Sequence 
AAAK 
AAK 
SAK 
APGK 
AK 
(K) YGAR 
Mol per mol protein 
6 
6 
2 
2 
1 
2 
responsible for the demosine crosslinking portion of the mole­
cule. There are approximately 6 each of the ala-ala-Iys and ala­
ala-ala-Iys peptides per molecule of tropoelastin. The large 
fragments elute in the early part of the chromatogram, generally 
decreasing in size as the chromatogram develops. There are a 
number of unique properties of the molecule exemplified in the 
stru.ctures of these fragments. The methods for working with 
FIG 1. Crosslinking of soluble elastin into insoluble elastin (see text). 
Part G shows a desmosine molecule free from peptide linkages to the 
elastin polypeptide chains. With isodesmosine, the lysine-derived side 
chain opposite the nitrogen (para) is moved to the ortho position. 
(Adapted from Sandberg, Soskel, Leslie: N Engl J Med 304:566-579, 
1981, with the permission of the Publisher.) 
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these fragments had to be developed because of their unusual 
chemical nature and, thus, a great deal of time was spent in 
developing the technology for determination of their sequences. 
Solid state sequence methodologies were found to be the best 
technically for working through these peptides, some of which 
are very large. This essentially involves coupling the isolated 
pure peptide via its carboxy-terminus to porous glass beads 
utilizing silane chemistry to develop the attachment sites on 
the glass beads. This arrangement favors sequence determina­
tion of hydrophobic peptides because of the hydrophylic nature 
of the glass surface which tends to drive the attached elastin­
peptide chains away from the surface of the bead and, thus, 
provide maximum exposure to the sequencing reagents. 
THE PENT APEPTIDE REPEAT 
Figure 2 shows the structure of several peptides determined 
by solid state methods. W4 sequence is in excess of 60 residues 
in length in the pig which means that repetitive yields at each 
step of the sequencing chemistry had to approach 99% to be 
able to cover the structure. We have sequenced this peptide 
several times and, thus, known most of its sequence. It contains 
an interesting pro-gly-val-gly-val pentapeptide repeat occurring 
11 times in this fragment. We feel this repeating sequence (the 
longest we have found in any of the elastin peptides) imparts 
some unusual properties to the folding of this part of the 
molecule and perhaps to the whole tropoelastin polypeptide 
chain. 
POLY ALANINE AND TYROSINE 
The structural properties of peptides W5 and W7 are also 
shown in Fig 2, emphasizing several other unusual properties of 
elastin. Note that these fragments end in polyalanine. This ties 
in with the polyalanine-Iysine structure of the small fragments 
mentioned above. The alinine-rich C-termini of these large 
fragments must therefore be adjacent to the crosslinking sites 
of the molecule and contribute to the localized alpha-helical 
configuration of the molecule which presumably occurs in these 
areas (Fig 1). The fact that these pep tides all begin with tyrosine 
(Y) may indicate an association of that residue with crosslink 
formation at the N-terminal end of the peptide as well. Some 
people have felt tyrosine is involved in a charge-transfer phe­
nomenon (because of its OH group) during the process of 
desmosine formation. 
COLLAGEN-LIKE STRUCTURES IN ELASTIN 
Very recently, we have begun to look at the structure of chick 
tropoelastin isolated from young copper-deficient birds. These 
studies have been in collaboration with Drs. D. W. Smith and 
R. B. Rucker. A peptide has been sequenced which contains a 
GVP tripeptide repeat. This peptide is of extreme interest 
because it contains a glycine residue at every third position in 
the repeat section giving it a collagen-like structure. The se­
quence is reproduced below, having appeared in a recent pub­
lication of ours [12]. 
COLLAGEN-LIKE CHICK TROPOELASTIN 
SEQUENCE 
1 5 10 15 20 25 
YVAGVPGVGVPGVGIGGVPGVPGVP 
30 .35 40 45 50 
GVPGVPGVPGVPGVPGVPGVPGVPG 
55 60 65 70 
V P G V V G G V G P V G V A A A A A A A A A / 
The areas of the GVP repeats are underlined. It is certain 
this is a tropoelastin fragment and not a collagen contaminant 
because the peptide ends with the familiar polyalanine se­
quences beginning at residue 64. These, as mentioned above, 
are characteristic of a number of large tryptic fragments of 
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Large tryptic peptides (Y group) 
45 
�GV/ 
VVlI46 residuesl (K) Y GiA�AiG V Lt..EJ1V G V G G V G V�G A G Ail�1 G G\�A GAP A A 
AAAKAK 
W51JO reSidues) IK! Y G A�A l GiG�DiL G G�I P G G V�V G P A A K 
FIG 2. Some amino acid sequences in porcine tropoelastin. 
tropoelastin seen in the pig. The collagen-like sequence shown 
above explains some of the collagen-like properties observed in 
elastin which have puzzled people for years. Tropoelastin, at 
least from the chick, has been demonstrated to be collagenase 
susceptible (Clostridial collagenase). The above sequence gives 
structural validation for this susceptibility. Also, the observa­
tion of hydroxyproline in tropoelastin is justified here because 
of the collagen-like sequence, which the enzyme prolyl hydrox­
ilase will recognize. Some of the prolines in this sequence 
definitely are hydroxylated, but we have not as yet worked out 
their exact locations. Probably they are poly dispersed with a 
small percentage of each proline containing the hydroxyl group. 
BETA-TURNS 
Another unusual property demonstrated by the pep tides 
shown in Fig 2 is that of the beta turn. This is a folding of the 
polypeptide chain back on itself in such a way that an antipar­
allel arrangement exists between neighboring lengths of the 
chain. Chou and Fassman have recently reviewed beta turns 
and the frequency with which they occur in a number of 
proteins of known structure [13]. An analysis of their data 
produces an extremely complex picture, i.e., there are hundreds 
of amino acid combinations that can give beta turns. However, 
some generalizations can be made. The sequences pro-gly and 
ala-gly appear with the greatest frequency at the centers of 
beta turns. Proline, glycine, and alanine are extremely common 
residues in elastin and, thus, the incidence of beta turn-forming 
residues is extremely high in this protein. In Table III, the 
nearest neighbor relationships of these amino acids are sum­
marized. Pro-gly is seen to occur 47 times and alagly 25 times. 
Other beta turn formers such as val-gly and gly-val also occur 
at an extremely high incidence. In the three peptides shown in 
Fig 2, brackets indicate areas of the polypeptide chain that may 
fold into beta turns-1A � Dj. We feel the beta turn 
and the resultant beta spiral, described by Dr. Urry and asso­
ciates in Birmingham [14], which results from numerous such 
turns in succession may well be a dominant structural feature 
of the entire molecule and represent the way in which the 
molecule actually folds in space perhaps in association with 2 
or 3 other chains to give a twisted rope appearance. The 
"twisted rope" is not an entirely new concept. Several ultra­
structural studies, notably by Gotte et al [15], Ronchetti et al 
[16], and Cleary and Cliff [17], have demonstrated coiled flia­
ments which have approximately the correct dimensions to 
represent the twisted polypeptide fragments resulting from 
these numerous beta turns in the molecule. 
ELASTIN LEADER SEQUENCES 
Another aspect of our studies of the elastin polypeptide 
structure, is the nature of the leader sequence of tropoelastin, 
which we are currently studying in collaboration with Drs. 
Davidson and Crystal at the NHLBI. Leader sequences repre­
sent the NH2 termini of secreted proteins which serve to direct 
the fate of that protein after completion of synthesis on the 
rough ER. Leaders are rapidly lost through proteolysis prior to 
export from the cell. If, however, the production of that protein 
is achieved in a cell-free environment, the leader sequence can 
be preserved. Utilizing fetal sheep ligamentum nuchae m-RNA 
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TABLE III. Nearest neighbor relationships in porcine elastin 
peptides 
Residue: Second --> 
VAL 
First PRO LEU 
t GLY ALA HYP ILE Other 
GLY 29 39 8 85 14 
ALA 25 31 11 13 13 
PRO 47 6 0 3 6 
VAL LEU ILE 53 13 34 7 7 
Other 19 2 8 4 8 
for elastin in a cell-free reticulocyte lysate system, tritiated 
amino acids were fed to the system, one at a time, to label 
specific residues in the molecule. Submicrogram amounts of the 
protein are only produced by this technology so that the re­
sulting sequence can only be detected by radioactive counting. 
The synthesized chain is isolated as an immunoprecipitate and 
then sequentially degraded utilizing the same sequencing strat­
egies as for the above described peptides along with a cold 
carrier so that the small amount of labeled material is not lost. 
The experiment is repeated a number of times, once for each of 
the amino acids we desired to label. Each experiment is applied 
to the spining cup sequencer for 60 steps of sequential degra­
dation. 
Interesting and useful information has been derived from 
these leader sequence determinations. The results obtained 
from the laboratory of Drs. Karr and Foster in Athens, Georgia 
are summarized in Fig 3 [IS]. Leader sequence determinations 
for elastin have been completed in the chick and are in the 
process of completion in the sheep. Both leaders are almost 
identical in size. These are short sequences as compared to 
collagen leaders. The leader of Fig 3 begins with methionine, a 
general property secreted proteins. There then follows a short 
span of charged amino acids followed by a large hydrophobic 
region. The sequence ala-ala-ala occurring in the hydrophobic 
area possibly has some relationship to the polyalanine se­
quences which occur about the crosslinking sites. No cysteine 
residues are found in the chick leader, and as noted previously 
(Table II), no such amino acids are found in the secreted pig or 
chick protein which we have sequenced. Our sheep data shows 
double residues at several steps suggesting the possibility of 2 
sequences. Other investigators have shown evidence for 2 elas­
tin chains [19]. Thus, the possibility is coming forth that a type 
A and B elastin may exist perhaps somehow associated with 
the developmental maturation of the animals. 
WHY ELASTIN? 
The question to ask ourselves is why is elastin important? 
Figure 1 demonstrated a heat exchange curve that occurs when 
a thin strip of purified ligamentum nuchae elastin is stretched 
and relaxed in a micro calorimeter. Here the energy of stretching 
is stored, at least in part, by the ordering of water molecules 
around the numerous nonpolar amino acid side chains of elastin. 
The hydrophobic interactions of these side chains are also 
disrupted with stretching and this together with the increased 
structure of water accounts for the release of heat as indicated 
by the first part of the curve. Elastic energy thus is stored as 
free energy and with relaxation the process is reversed so that 
the net energy exchange is essentially zero as shown by the 
summation of the positive and negative aspects of the curve. 
The elastic fiber can be tremendously deformed and yet return 
to its original configuration. This property is shared by only a 
few other proteins. Elastin thus approaches an ideal machine 
in function. However, we need to consider more than the gross 
fiber to appreciate this. Thus, the reason for these molecular 
studies we have described. 
A great deal of structural information has become available 
over the past several years through these studies of individual 
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RESIDUE MET ARG GLN - ALA ALA ALA - PRO - LEU LEU PRO - GLY - VAL - LEU LEU 
POSITION -24 ·20 15 
RESIDUE - LEU - PHE SER ILE - LEU - PRO ALA SER - GLN GLN - GLY - GLY VAL PRO 
POSITION ·10 ·5 ·1 + 1 
FIG 3. Leader sequence of chick (pre) elastin. 
heat produced 
relaxation 
, 
textension 
heat absorbed 
TIME (min) 
FIG 4. Heat exchange during extension and relaxation of elastic 
tissue. (Adapted from Weis-Fogh and Andersen with the permission of 
the publisher). Results such as those from stretching of ox ligamentum 
nuchae are measured in a calorimeter. 
tryptic fragments of the precursor molecule of elastin, tropoe­
lastin, as well as studies of cell-free synthesized material. Some 
data regarding the significance of the peculiar amino acid 
sequences and structures is also beginning to come forth. We 
have to date, accomplished approximately SO% of the primary 
sequence determination of the protein. However, we have very 
little information as to how the fragments actually relate to one 
another because of the very few good handles we have on 
cleaving the protein. Other than at the lysine groups and 
arginine groups, there are no reproducible ways in which the 
protein can be split and, thus, the necessary overlap information 
for piecing fragments together is lacking. This information will 
have to come through studies of the structure of the elastin 
gene. 
REFERENCES 
1. Martinez-Hernandez A, Huffer WE: Pseudoxanthoma elasticum: 
Dermal polyanions and the mineralization of elastic fibers. Lab 
Invest 31:181-186,1974 
2. Ross R, Fialkow PJ, Altman LK: Fine structure alterations of 
elastic fibers in pseudoxanthoma elasticum. Clin Genet 13:213-
22:3, 1978 
3. Goodman RM, Smith EW, Paton D, et al.: Pseudoxanthoma elas­
ticum: A clinical and histopathological study. Medicine 42:181-
186, 1974 
4. Uitto J: Biochemistry of the elastic fibers in normal connective 
tissue and its alterations in diseases. J Invest Dermatol 72:1-10, 
1979 
5. Byers PH, Narayanan AS, Bornstein, P, et al.: An X-linked form of 
cutis laxa due to deficiency of lysyloxidase. Birth Defects 
12(5):293-298, 1976 
6. Oakes BW, Danks DM, Campbell PE: Human copper deficiency: 
Ultrastructural studies of the aorta and skin a child with Menkes' 
syndrome. Exp Mol Pathol 25:82-98, 1976 
7. Di Ferrante N, Leachman RD, Angelini P, Donnelly PV, Francis 
G, Almazan A: Lysyloxidase deficiency in Ehlers-Danlos syn­
drome type V. Connect Tissue Res 3:49-53, 1975 
8. Thomas J, Eldsen DF, Partridge SM: Degradation products from 
elastin: Partial structure of two major degradation products from 
the cross-linkage in elastin. Nature 200:651-652, 1963 
9. Sandberg LB: Elastin structure in health and disease. lnt Rev 
Connect Tissue Res 7:159-210, 1976 
10. Smith DW, Weissman N, Carnes WH: Cardiovascular studies on 
1328 SANDBERG, SOSKEL, AND WOLT 
copper deficient swine. XII. Partial purification of a soluble 
protein resembling elastin. Biochem Biophys Res Commun 
31:309-315, 1968 
11. Sandberg LB, Weissman N, Smith DW: The purification and partial 
characterization of a soluble elastin-like protein from copper­
deficient porcine aorta. Biochemistry 8:2940-2945, 1969 
12. Smith DW, Sandberg LB, Leslie BH, Wolt TB, Minton ST, Myers 
B, Rucker RB: Primary structure of a chick tropoelastin peptide: 
evidence for a collagen-like amono acid sequence. Biochem Bio­
phys Res Commun 103:880-885, 1981 
13. Chou PY, Fasman GD: Beta-turns in proteins. J Mol Bioi 115:135-
175, 1977 
14. Urry DW: Molecular perspectives of vascular wall structure and 
disease: The elastic component. Perspect Bioi Med 
21:Winter:265-2H5, 1978 
Vol. 79, Supplement 1 
15. Gotte L, Giro MG, Volpin D, Horne RW: The ultrastructural 
organization of elastin. J Ultrastruct Res 46:23-:13, 1974 
16. Ronchetti IP, Fornier C, Baccarani-Contri M, Volpin D: The ultra­
structure of elastin revealed by freeze-fracture electron micros­
copy. Micron 10:89-99, 1976 
17. Cleary EG, Cliff WJ: The substructure of elastin. Exp Mol Pathol 
28:227-246, 1978 
18. Karr SR, Foster JA: Primary structure of the signal peptide of 
tropoelastin b. J Bioi Chern 256:5H46-5949, 1981 
19. Foster JA, Rich CB, Fletcher S, Karr SR, Przybyla A: Translation 
of chick aortic elastin messenger ribonucleic acid. Comparison to 
elastin synthesis in chick aorta organ culture. Biochemistry 
19:857-864, 1980 
20. Weis-Fogh T, Andersen SO: New molecular model for the long­
range elasticity of elastin. Nature 227:718-721, 1970 
